The gene coding for a CGCG specific DNA methylase has been cloned in E. coli from Brevibacterium epidermidis. The enzyme, named Bepl methylase, is probably the cognate methylase of the FnuDII isoschizomer Bepl endonuclease isolated from this strain.
INTRODUCTION
With the aim to analyze the molecular mechanism of specific interaction between the DNA and sequence specific DNA methylases, genes of several modification methylases were cloned and sequenced . Comparison of the derived amino acid sequences showed similarities between cytosine methylases suggesting that these enzymes have common evolutionary origin and similar structure (8, 9, 12, 14, 15, 16, 17, 18, 21, 22) . Less extensive but significant amino acid sequence similarities were found between adenine methylases (11, 19, 20, 23, 25) . Only very limited sequence similarity was shown to exist between cytosine methylases and adenine methylases (25) and no significant similarity was found between modification methylases and their cognate endonucleases (1, 2, 6, 12, 13, 15, 21, 24) .
We initiated a systematic study of a family of DNA methylases which recognize GGCC or related sequences. It is hoped that comparison of enzymes with related sequence specificities may help elucidate the structural basis of sequence specificity.
Earlier we found very strong similarity between the protein sequences of two GGCC specific methylases (BspRI and BsuRI) and less pronounced similarity between these enzymes and another methylase (SPR, 12) which, in addition to GGCC, also recognizes CCGG and CC A / GG.
Here we report the cloning and sequencing of the gene coding for a CGCG specific DNA methylase. This methylase was cloned from a strain of Brevibacterium epidermidis which produces the FnuDII isoschizomer BepI endonuclease (26) . The methylase is probably the cognate methylase of the BepI restriction endonuclease.
MATERIALS AND METHODS

Strains and media
The Brevibacterium epidermidis strain producing BepI endonuclease and methylase was isolated in this laboratory (26) . The BepI methylase gene was cloned in E. coli ER1398 (27 
Detection of 5-methyl-cytosine
The methylation status of cytosines within the CGCG target sequence was determined by the chemical sequencing method (35) .
pBR322 and pBepl plasmid DNAs were cleaved with Sail, dephosphorylated with bacterial alkaline phosphatase and labeled with P using polynucleotide kinase. After digestion with EcoRI, the 3.7 kb Sall-EcoRI fragments were purified from gel, subjected to C+ T and C specific chemical sequencing reactions (36) and run in a 6% polyacrylamide gel containing 8M urea (36) .
RESULTS AND DISCUSSION
Cloning of the BepI methylase gene
The BepI methylase gene was cloned in E. coli ER1398 from two gene libraries as described in Materials and Methods. Plasmid DNA isolated from several clones showed complete or partial resistance to BepI endonuclease indicating that they contained the functional BepI methylase gene (pBR322 has 23 BepI sites).
One such clone (pBepl) from the EcoRI library and one (pBep2) from the Mbol library was chosen for further analysis. pBepl was completely resistant to BepI endonuclease whereas pBep2 (and several other clones isolated from the Mbol library) showed only partial resistance ( Fig. 1.) .
To test the specificity of the cloned methylase, pBepl and pBep2 were digested with restriction enzymes whose target sequence is related to CGCG. pBepl and pBep2 were completely sensitive to BspRI (GGCC), Hpall (CCGG), Mspl (CCGG) and Hhal (GCGC), thus the enzyme we cloned is probably the modification unmodified (pBR322) and modified (pBepl) DNA. The missing band in the modified DNA (Fig.3.) identifies the external cytosine as the methylated base. M.BepI is similar in methylation specificity to the BsuE methyltransferase (37) . DNA sequence The M.BepI gene was localized by subcloning it on shorter fragments. Deleting a Pvul fragment of pBepl did not influence TTA CTT GTG ACA CAC GAT GAA ATT TTT AAA TGC  85 ATT GTC GAT GCT GTA AAT AAT GCT CCT AGA AAT AGA CAA ACT  127 GCT GAA TTA CAT ATT CAA ATG ATT AAA TAC GCT GAT GAG TTG  169 AAA TCC ATC ACA TCT AAA GAA TTC TGT GAA GAA ACA AAG TTT  211 CCG ATT GGA TAC GGT TCC GAA TTT AGC AAA ATG CGG AAT ATA  253 ACT GAA CGT TTA AAA GCA GCT GGA TTG GAT GTA TCC AAA CTT  295 TAA GCC ATA TCA TTA TTT TTA GAA GAG TTC ATT TTG AAA GTT  H  K  V  337 TTA TCT TTA TTT TCA GGT TGT GGT GGT ATG GAT CTT GGT TTA  LSLFSGCGGMDLGL  379 GAA GGC GGC TTC TTA GCA CAT AGA TCG TCT ATC AAT AGT GAT  EGGFLAHRSSINSD  *21 TTA TAT GCT TCT TAT ATT TCA GAC CAT GAT GAA AAT TAT shows similarity with other cytosine methylases (Fig. 5.) . TTG as initiation codon seems to be not unusual in cytosine methylases (8, 9, 17, 18) . Since there is an in-frame stop codon at position 295, it is unlikely that the translation would start further (Fig.5.) . Most of these similarities fall in six blocks (A-F, as defined by Som et al., 14) . The order of these blocks in M.BepI is the same as in other cytosine methylases. This reinforces the notion that cytosine methylases have similar structure.
It has been postulated that the conserved regions are responsible for the general steps of the methylation reaction (e.g. SAM binding) and the long variable region between homologous blocks D and E is responsible for target recognition (17, 18) . There is experimental evidence that in multispecific phage-coded raethylases (SPR, 4>3T, pll ) the target recognizing s domain is indeed located between homologous blocks D and E (40, 41 ). This has not been shown for the monospecific methylases but the similarity detected between the two types of enzymes suggest a common building plan. In this respect it is perhaps interesting that in addition to the six conserved regions common in all C-methylases M.BepI shares another conserved region with two GGCC specific methylases (Fig.6. ).
Construction of hybrids of different multispecific DNA raethylases was very useful in identifying the target recognizing domains of these enyzmes (40, 41) . Similar experiments with M.BepI and other monospecific methylases are underway in our laboratory.
